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Experiments were conducted in order to investigate a behavior of comcustion wave when a shock
wave was propagated into a combustible premixed gas of hydrogen and oxygen. A phenomenon
occurring in the premixed gas can be classified into four types, i.e. (a) the shock wave just
transmitted into the gas without causing ignition for the shock wave of low-Mach number, (b) the
gas was ignited behind the shock wave and a deflagration wave was propagated following the shock
wave, (c) the deflagration wave transited to a detonation wave behind the shock wave, (d) a
detonation wave was directly initiated just behind incident shock wave of high-Mach number. In this
study, a shock wave produced by a detonation-driven shock tube was transmitted into a hydrogen-
oxygen premixed gas varied with an equivalence ratio ¢, initial pressure p1 and Mach number of the
shock wave Ms:.. As a result, the phenomena observed in the gas was classified using a cell-size A for
steady detonation wave, since the cell-size was inversely proportional to a chemical reaction rate of
the gas. For the case of sensitive gases having small cell-size, the detonation wave was directly
initiated behind the shock wave even though the Mach number of the shock wave was relatively low.
An empirical equation to evaluate a pressure was obtained, which is a threshold pressure to ignite
the gas behind incident shock wave.

Key Words: Detonation, Shock Wave, Ignition. Combustion

L& C & I

REOTFREEXEPICEHEES AN LIS, &
BROEGIE< v N BE  BREEROBENTES

D> TUTD @ A5 () NBLT BT Licks.
(a) AT BEREDOLIET v /NEHMK L HRIKE%
DORENBCEKBELTTHHHEEICIE, TR

[DEOEMEEU ETHNIE, FTEEKIEBENXL
RFEENECB T LIk, FPREARTZEGIET S
B IS RIESEEDENT 757 L— 3 Vi &
BOEWT hx—va vklickBlans®. &5icF
b x—a VEBMERENSBERICZ, T755L—
VavERT b R—Ta vBICEBBT BEE8E, Fh
F—a VEHDEERRINSZ ZERICRTES.
L7 T, AR FRAEK[PICEHRENAS LI
I C A0S, AHERE v/ EELRBICL
* RS2 2006 45 4 H 26 H.
*EE, BEXRFRERBE TR (®338-8570 & 170 %
TR T RALR 255).
2R, (B ETHEBEEN(® 235-8522 METBRTKFT
HIET 8) [T MEAREAERE TEMAR].
* AR, BEAERERE TEHER.

E-mail : tobara@mech.saitama-u.ac.jp

ARIEAET, BREOHDVTFEESHERLIT
9% (Non Ignition).

(b)) HERELEHROTFRAKNEAL, RISEEDEBN
TT75 T L— a VEHNERBEIGER L TRIET
% (Deflagration Propagation).

(c) FREKMVEKT B LICEDELCKETISTL—
T a VT b R— a3 VIENEB T S DDT B
(Deflagration to Detonation Transition) W4 U, 7
b x— 3 YEDNTFRARHZEIET S (DDT).

(d) EREDEIE? v NEH+ITEVIBEICIE, &
EORFREERUICATH UIZERICT b x—>a Vil
NE#EBHE 15 (Direct Initiation).

—223—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

872 KE-BEETREIEDEHEEAF - 2 VFE S 2 REHOESH
Dump Tube Driver Tube Run-up Tube Valve  Test Tube - 1 Test Tube-2  TestTube-3 Dump Tank
(1.5m) (20m) (1.5m) (0.17.m) (1.45m) (1.6 m) ’ (1.6m) ©.6m)
. P4 P6
Ignitor P1 P2 P3| P5 | P7
_________ wa N |
M
Ignition
Pressure Circuit
T~ Transducer :
-He -H
ST Jonizatio : Mixing 2
o n i Tank Storage
Probe “ “ Oscilloscope
Fig. 1 Schematic diagram of experimental set-up using detonation—driven shock tube.
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Table 1 Experimental conditions.

Section  Parameter Condition
Driver ~ Gas H,+0,/(29)
Tube Equivalence Ratio, ¢ 1.0
Initial Pressure, p4; 50 ~ 300 kPa-
Run—up Gas He+xN,
Tube Molar Ratio of Nitrogen to Helium, x 0.21,0.39, 0.98
Initial Pressure, p; 25, 50, 75, 100 kPa
Mach Number of Incident Shock Wave, Mg; 1.43~2.75
Test Gas H,+0,/(29)
Tube Equivalence Ratio, ¢ 05,1015
Initial Pressure, p| 25, 50, 75, 100 kPa
Mach Number of Transmitted Shock Wave, M, 1.45~2.84
Initial Temperature, T; 300+5K

Temperature behind Transmitted Shock Wave, T, 386 ~ 725K
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Fig.2 Profile of ionization current (upper) and
pressure (lower) (¢ = 1.0, p; = 25 kPa, M;; =
1.87, My = 1.92).
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Fig.3 Profile of ionization current (upper) and
pressure (lower) (¢ = 1.0, p; = 25 kPa, M; =
2.52, My =2.60).
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Fig. 4 Profile of ionization current (upper) and
pressure (lower) (¢ = 1.0, p; = 25 kPa, M; =
2.75, My = 2.84).

P3 [3EHAIE DEREAD 5 200 mm ONMEICE T 5N T
B, COMBTT Fx—Ya ViEDIEIEHHEETE
188, AETIRT b x—a ViEDEREES LT
LR LIEENST, TOEREMIIFHRLIZER
B0 (d) Direct Initiation IC AT NS, iz, T hR—
¥a VRIGEHIEAZIZIE—EDEE D ~ 2.67 kms™!
TRELTHY, TDFEEIF Chapman-Jouguet DT b+
F— 7 YEE(Dcy =277 kms ) ICIEIEZ L.
3.4 FIHAEDRVICK BRBERDODE 51,
BKERAGRDYURLLLZ ¢ =1.0 T—EE L, ¥HHE
p1 % 25,50,75, 100 kPa £ Z{LEH, AHERE< Y
INBDBEWVICE > TAHIBERNTE U HEEHEL
BRTHS. BEIEFRRE v/ VM, B3RS
IKKRIRERDIIHE p TH 5. KHD X FIIIEKER
BRIDENETEEE DAIMEIET B (a) Non Ignition,
AHIBBKERBAEHIEALDDT ZNLTTF F 2—
vavEhERENS () DDT, OHIZTF hx— 3
VI HE RIS & 115 (d) Direct Initiation I XSS 5.
Fiz, Kl ) DDT ICHEI N T — &I LIEE
RIS & BRLERERT. ThE& D, YIBEA RV
SEICIEAFERE S v /AN ORFICH LTS
BUKFERESKIBALT b RX—aviEREL B8,
My — p) DEMRIA T DR L 55, B/KERER
DFHAE p HEWVIFEITE, ()DDTHELC BT v
BOHEHEH®L 59, (a) Non Ignition B4 L B v
B e RKERENTL, (d)Direct Initiation \ & #1793

—227—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

876 AE-BETEAIJENDOEHEE AL L ) FEI W 2REEOZES
4.0 . . 35
$=1.0 X (a) Non Ignition ;X NonIgnition |
e (¢) DDT . : o DOT |
s 30 O C  (d) Direct Initiation | E. 3.0 | g m i
E E 25 ¢} ‘& Q ®)
= =] -
=z 20 Z '%-‘ O
5 5 agenTag 99 O
S S 20 Q
= = R a8 o
3 S & o R
L L
7] B 15[ e .
10 . L ‘ L ' 1.0 ‘
0 20 40 60 80 100 120 0 5 10 15 20

Initial Pressure, p ] [kPa]

Fig. 5 Classification of combustion wave with a
difference of initial pressure p; and transmitted
shock Mach number M, (¢ = 1.0).
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Fig. 6 Classification of combustion wave on trans-
mitted shock Mach number M, vs. non—
dimensional distance d/A (¢ =0.5~1.5,p1 =
25 ~ 100 kPa).
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Fig. 7 Classification of combustion wave on pressure
behind transmitted shock wave p, vs. tem-
perature T, dotted line: explosion limit by
Semenov® (¢ =1.0, p; =25 ~ 100 kPa).
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Fig. 8 Classification of combustion wave on pressure
behind transmitted shock wave pj vs. inverse
of temperature, 1/T; (¢ = 1.0, p; = 25 ~
100 kPa).
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